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Objectives: We determined the radiographic osteoarthritic worsening rate prior to knee arthroplasty
(TKA) and whether this worsening was associated with worsening pain and function as compared to a
non-surgical matched sample.
Methods: We used the Osteoarthritis Initiative 5-year datasets. Extent of knee OA 2 years prior to total
knee arthroplasty (TKA) was matched to knees of persons who did not undergo TKA. Western Ontario
and McMaster Universities Arthritis Index (WOMAC) Function and Knee injury and Osteoarthritis
Outcome Score (KOOS) Pain scales were used to quantify functional deﬁcit and functionally relevant pain
respectively. A total of 167 persons with isolated TKA and 300 persons with matched symptomatic knee
OA but no TKA were studied.
Results: During the 2 years prior to TKA, worsening by at least one Kellgren and Lawrence (KL) grade
occurred in 27.4% (95% CI ¼ 20.6e34.2) of the surgical knees compared to 6.6% (95% CI ¼ 3.8e9.4) of
matched non-surgical knees. Osteoarthritis radiographic progression was strongly associated with
WOMAC Function and KOOS Pain worsening (P < 0.001) in the 2 years prior to TKA. KL worsening was
strongly associated with future arthroplasty (Odds ratio ¼ 5.0, 95% CI ¼ 2.6e9.8) after adjustment for
potential confounders.
Conclusions: Persons undergoing TKA 2 years later had substantial worsening pain and function over the
2-year pre-operative period as compared to a non-surgical sample matched based on KL grades. Almost
30% of persons who elect to undergo TKA undergo rapid disease progression and symptom worsening
during the 2 years prior to TKA.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
The path toward total knee arthroplasty (TKA) for persons with
osteoarthritis is an understudied and relatively poorly understood
process. Progression to TKA takes many years for most patients1
and is inﬂuenced by multiple patient and surgeon factors2. Key
factors typically considered when recommending TKA surgery are
the extent of knee osteoarthritis, pain severity and functional
deﬁcits.
We found no assessment of the rate of pre-operative tibiofe-
moral OA radiographic progression in a sample of personsD.L. Riddle, Departments of
Commonwealth University,
4; Fax: 1-804-828-8111.
ternational. Published by Elsevier Leventually undergoing TKA. In addition, we found no research that
determined if functional or pain related worsening was associated
with knee radiographic worsening in a cohort that eventually un-
derwent TKA. Our prior work deﬁned the trajectories of pain and
functional status measures in the years leading to TKA1 but did not
address the extent of knee OA, a key factor guiding surgical de-
cisions. Data describing the rate of knee radiographic progression
and the potential pain and functional correlates of this progression
may assist in identifying patients who are particularly vulnerable to
co-occurring radiographic progression, functional loss and pain
worsening. Close monitoring of pain, functional loss and radio-
graphic progression may facilitate intervening before a patient's
knee OA status, pain or function has worsened to levels typically
expected in patients who undergo TKA. Monitoring and aggressive
treatmentmay help to either delay or prevent TKA surgery or better
prepare patients for TKA recovery.td. All rights reserved.
D.L. Riddle, W.A. Jiranek / Osteoarthritis and Cartilage 23 (2015) 391e396392White and colleagues found that persons with worsening knee
OA over a 30 month period were at 2.2 times higher risk of
developing severe functional loss as compared to persons with no
knee radiographic worsening3. Wesseling and colleagues reported
worsening function and pain in persons with knee OA over a 4-year
period but only for those whose Kellgren and Lawrence (KL) grades
increased by 2 or more scale points4. No studies were found that
examined associations between knee radiographic worsening and
worsening pain and function in persons who eventually underwent
TKA. Systematic review evidence suggests approximately 4% of
osteoarthritic knees worsen by at least one KL grade each year5 but
we found no evidence of pre-operative worsening rates for persons
who eventually undergoTKA. Given that persons who undergo TKA
demonstrate substantial worsening pain and function in the 2 years
prior to TKA1, we suspected the rate of radiographic worsening
would be greater as compared to a comparable non-surgical sample
with symptomatic knee OA.
Consequently, our primary purpose was to determine the rate of
radiographic progression of tibiofemoral OA during the 2 years
prior to TKA surgery for surgical knees and the pain-related and
functional changes associated with radiographic worsening during
this critical period. Our secondary purpose was to compare the rate
of radiographic progression in our TKA sample to persons with
similar ratings of symptomatic knee OA who did not undergo TKA
over the study period.
Methods
The Osteoarthritis Initiative (OAI) is an NIH and privately fun-
ded natural history multicenter prospective 5-year longitudinal
study of persons with or at high risk for knee OA. Two primary
subcohorts were studied in the OAI. The progression cohort
comprised persons with symptomatic knee OAwhile the incidence
cohort included persons with or at risk for knee OA. The study was
approved by the Institutional Review Boards of each site. Subjects
were recruited in similar proportions from1: the University of
Maryland in Baltimore, Maryland2, the Ohio State University in
Columbus, Ohio3, the University of Pittsburgh in Pittsburgh,
Pennsylvania, and4 Memorial Hospital of Rhode Island, in Paw-
tucket, Rhode Island.
Of 17,457 persons screened, 4796 were enrolled in OAI. Inclusion
criteria included men and women ages 45e79 years with, or at risk
for, symptomatic tibiofemoral OA. All ethnic minorities were
included. More common exclusion criteria were magnetic reso-
nance imaging height and weight limitations (n ¼ 2328), recruit-
ment thresholds for age and gender (n ¼ 2954) and dropouts
between the telephone screen and the enrollment visit (n ¼ 4381).
The reader is referred to the OAI website for more detailed infor-
mation (https://oai.epi-ucsf.org/datarelease/default.asp).
Data from n ¼ 167 persons (75% from progression cohort and
25% from the incidence cohort) who underwent isolated unilateral
TKA surgery over the 5-year study period were included. We
excluded persons (n¼ 10) who underwent unicompartmental knee
replacement surgery and persons (n¼ 39) who underwent bilateral
TKR or hip replacement surgery during the course of study because
these persons may have a different trajectory of pre-operative
worsening than persons undergoing a single primary TKA. A total of
19, 30, 35, 39, 44 TKA surgeries were conducted in years 1e5,
respectively, for a total of 167 TKAs. A total of 87 persons had a left-
sided TKA while 80 persons had a right-sided TKA.
For the non-surgical control sample, we recruited persons from
the progression cohort of the OAI. Because all patients undergoing
TKAwere symptomatic, we wanted to select a non-surgical sample
that also was symptomatic. Persons in the progression cohort were
required to have symptomatic knee OA, deﬁned as at least a deﬁnitetibiofemoral osteophyte in at least one knee and corresponding
knee pain, aching or stiffness on most days in a month during the
past year. Of the 1116 persons in the progression cohort who did not
have either hip or knee arthroplasty over the study period, we used
a random number generator and frequency matched to the TKA
sample using the 2-year pre-operative knee KL scores. We matched
using the maximum number of persons possible using the rate
limiting group KL ¼ 4. This 2-year pre-operative surgical KL
matching to the TKA cohort resulted in the selection of 135 non-
surgical subjects with a KL score of 4, 97 with a KL score of 3, 54
with a KL score of 2 and 14 with a KL score of 0 or 1 for a total of 300
subjects in the non-surgical comparison group. The 14 persons
classiﬁed as having KL grades of 0 or 1 during the radiographic
adjudication process were initially screened as having a KL grade of
2 or higher at baseline and were thus included in the progression
cohort.
For both samples, we used data from three consecutive yearly
data collection sessions (deﬁned for this study as Session 1, Session
2 and Session 3), to examine changes that occurred over two full
years. For the TKA sample, Sessions 1 and 2 were used to describe
changes that occurred during the second pre-operative year while
sessions 2 and 3 described changes during the year prior to TKA. Of
note, patients undergoing TKA in year 1 (n ¼ 19) only contributed
one pre-operative session while persons undergoing surgery in
year 2 (n ¼ 30) contributed two pre-operative sessions. The
remaining TKA sample (71%) contributed a full complement of pre-
operative sessions for analysis. We chose this strategy to take full
advantage of data from all isolated unilateral TKAs in the OAI
dataset for which radiographic data were available. For the non-
surgical sample we also used three yearly data collection ses-
sions. Sessions 1 (baseline) and 2 (1-year follow-up) were used to
describe changes during the ﬁrst year while sessions 2 and 3 (2-
year follow-up) were used to describe changes during the second
year of follow-up. Figure 1 illustrates the timeline for the TKA and
non-surgical samples.
Radiographic measures
Radiographs were obtained yearly using a highly standardized
approach to position the standing subject's knees in approximately
a 20-degree ﬂexed position and to equally distribute the subject's
body weight6. More accurate assessment of joint space width is
obtained with this approach as compared to knee extended views6.
Technicians at all sites underwent extensive training to enhance
consistency.
OAI investigators reported KL grades to quantify the extent of
knee arthritis. KL grades were 0e4. A grade of 0 was normal, 1
indicated doubtful narrowing of joint space and possible osteo-
phytic lipping, 2 indicated deﬁnite osteophytes and possible nar-
rowing of joint space, 3 indicated deﬁnite narrowing of joint space
and some sclerosis and possible deformity of bone ends, and 4
indicated large osteophytes, marked narrowing of joint space, se-
vere sclerosis and deﬁnite deformity of bone ends7.
We used the radiographic scoring data provided by OAI in-
vestigators. An extensive adjudication process was used for KL
grades for all knees over all time periods. Two central site readers
and a third adjudicator, all either a rheumatologist or a musculo-
skeletal radiologist with extensive training and experience with KL
grading served as radiographic readers. Follow-up ﬁlms were
randomly ordered and then scored while being viewed simulta-
neously with the baseline ﬁlm.
Test-retest reliability for the adjudicating readers was substan-
tial to almost perfect8 with weighted Kappa (Κw) coefﬁcients for
both KL grades ranging from 0.70 to 0.80 for repeated independent
readings of 300 randomly selected knee ﬁlms. Missing radiographic
TKA Sample
Non-surgical Control Sample
Session 1 Session 2 Session 3
Session 1 Session 2 Session 3
1 year prior to surgery2 years prior to surgery
Year 1 after baseline Year 2 after baseline
Isolated TKA
Sample
(n=167)
OAI Baseline Data
Collection
No TKA or THA at 5-year
follow-up (n=300)
Fig. 1. The ﬁgure illustrates the temporal sequence and the data collection sessions for the knee arthroplasty sample and the non-surgical control sample.
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KL worsening rates, we reported proportions both with KL scores of
4 included and excluded because these knees had already achieved
the worst possible score.
The OAI also obtained yearly Western Ontario and McMaster
Universities Arthritis Index (WOMAC) Function and Knee injury
and Osteoarthritis Outcome Score (KOOS) Pain scores for both
knees of all participants. Both the WOMAC Function and the KOOS
Pain scales have been extensively validated9e12. We chose these
two measures because the WOMAC Function Scale, which ranges
from 0 to 68 with higher scores equating to worse function, spe-
ciﬁcally asks patients to rate the extent of difﬁculty associated with
17 daily activities. The KOOS Pain scale asks patients to rate the
severity of pain associated with nine common activities over the
past 7 days. The KOOS Pain Scale, ranging from 0 to 100 with higherTable I
Characteristics of the participants
TKA mean
(SD) or N (%)
(n ¼ 167)
TKA
missing N
Non-TKA
mean (SD)
or N (%),
(n ¼ 300)
Non-TKA
missing N
Female sex 98 (58.7) 0 160 (51.4), 0
Age in years* 64.6 (8.5) 0 63.0 (9.1) 0
Race
Non-white 28 (16.8) 90 (29.9)
Body Mass Index 29.8 (4.7) 0 30.2 (4.7) 0
Session 1 KL Gradez 66 0
0 or 1 5 (4.5) 14 (4.7)
2 20 (18.0) 54 (18.0)
3 36 (32.4) 97 (32.2)
4 50 (45) 135 (45)
Session 3 KL gradez 22 51
0 or 1 1 (0.7) 11 (4.4)
2 12 (8.3) 40 (16.0)
3 43 (29.7) 81 (32.5)
4 89 (61.4) 120 (48.2)
WOMAC Function Scorey
Session 1 15.2 (10.9) 56 17.5 (12.8) 3
Session 2 18.4 (12.4) 24 15.6 (12.1) 11
Session 3 24.9 (12.9) 9 14.9 (12.1) 30
KOOS Pain Scorey
Session 1 69.3 (17.3) 53 65.9 (19.0) 0
Session 2 66.4 (19.0) 23 71.3 (19.1) 8
Session 3 55.8 (18.5) 6 71.2 (20.5) 26
* Age in years is reported for the year of surgery.
y Values for the surgical sample were taken from yearly visits during the two full
years prior to knee replacement surgery while the values for the non-surgical
sample were taken during baseline, year 1 and year 2 visits. For the immediate
pre-surgical visit (Session 3), a total of 22 (13.2%) of the radiographs were missing
for the TKA sample.
z For the Session#1 KL grades, a total of 17 persons who had TKA 3 or more years
after the start of OAI had missing radiographic data two full years prior to TKA
surgery. A total of 49 patients had TKA surgery during the ﬁrst 2 years of OAI data
collection. As a result, radiographic data for Session 1 were therefore not available
for these persons.scores equating to less pain during function, was chosen over the
WOMAC Pain Scale because KOOS Pain has four additional items
which allows for a more comprehensive assessment of the
construct. We used the outcome scores for the surgical knees of the
TKA patients and the matched non-surgical knees for the control
sample.
Data analysis
Descriptive data for the surgical and non-surgical samples were
reported. We used independent t-tests to determine if 2-year KOOS
Pain or WOMAC Function change scores were associated with
radiographic progression. Surgical and non-surgical samples were
examined separately. Missing KL grades for these comparisons
were handled in the followingway: (1) if a KL scorewasmissing but
prior and follow-up KL scores were the same, the missing KL grade
also was scored the same. For example, if session 1 was KL ¼ 2 and
session 3 was KL ¼ 2 but session 2 was missing, the session 2 KL
grade of 2 was recorded. (2) If a patient had a KL grade of 4, but had
missing follow-up KL score(s), the follow-up session(s) also were
scored as 4. WOMAC and KOOS missing values were not imputed.
Bonferroni correction was used to interpret P-values for OA/pain
and function comparisons such that signiﬁcant P-values were
adjusted to P < 0.01. Multivariable logistic regression was used to
determine if an association exists between our exposure variable of
interest (knee OA worsening by at least 1 KL grade over the 2-year
period) and group (surgical vs non-surgical) after adjustment for
potential confounders. We included age, sex, BMI, baseline KOOS
Pain, baseline WOMAC Function and race (Caucasian vs other) as
potential confounders of the association between knee OA radio-
graphic worsening and group13. Residuals were checked as were
tests for potentially inﬂuential observations14. The Hosmer and
Lemeshow goodness of ﬁt was used to assess the ﬁnal model.
In an a priori power analysis, we determined that a two group t-
test with a 0.010 two-sided signiﬁcance level will have 80% power
to detect the difference between a radiographically stable group
WOMAC Function mean yearly change of 0.0 points and a radio-
graphic worsening group mean yearly change of 7.0 WOMAC
Function points, assuming that the common standard deviation is
8.0, when the sample sizes are 31 in each group. WOMAC Function
change and variability estimates were based on our previous work
with the OAI1,15.
Results
During the 2 years prior to TKA, a total of 27.4% (95%
CI ¼ 20.6e34.2) of all surgical knees worsened by at least 1 KL
grade. Over this same period, a total of 45.6% (95% CI ¼ 32.7e58.5)
of knees with KL < 4 at baseline had radiographic worsening during
the 2 years prior to surgery. We were unable to measure
Table II
2-year changes in WOMAC Function and KOOS Pain Scores for the two samples
Surgical sample Non-surgical sample
KL worsening mean (SD) No KL worsening mean (SD) KL worsening mean (SD) No KL worsening mean (SD)
WOMAC Function Change Scores*
Changes from Session 1 to 3þ 18.6 (11.2) (n ¼ 27) 5.7 (9.2) (n ¼ 72) 2.4 (13.4) (n ¼ 13) 2.2 (11.2) (n ¼ 247)
KOOS Pain Change Scoresy
Changes from Session 1 to 3þ 16.7 (14.1) (n ¼ 28) 5.5 (15.6) (n ¼ 75) 5.2 (18.4) (n ¼ 13) 5.0 (17.2) (n ¼ 237)
þP < 0.001 for the surgical sample.
* WOMAC Function scores range from 0 to 68 with higher scores indicating worse function. Change scores are coded such that positive changes indicate worsening and
negative scores indicate improvement in function.
y KOOS Pain scores range from 0 to 100 with 100 indicating no pain during functional activities. Change scores are coded such that positive changes indicate improvement
and negative scores indicate worsening in pain during functional activities.
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effects of the KL scale. WOMAC Function and KOOS Pain Scores for
the TKA sample over the course of study worsened over time and
are reported on Table I. For the non-surgical sample, a total of 6.6%
(95% CI ¼ 3.8e9.4) of knees worsened by at least 1 KL grade during
2-year period. When considering only knees that had KL < 4 at
session 1, 11.7% (95% CI ¼ 6.8e16.7) of knees worsened. WOMAC
Function and KOOS Pain scores for non-surgical knees either stayed
approximately the same or improved over the study period. Table I
summarizes the characteristics of both samples while Table II
summarizes WOMAC Function and KOOS score changes in rela-
tion to radiographic worsening status across the surgical and non-
surgical samples.
Associations between radiographic progression and WOMAC
Function and KOOS Pain changes
During the 2 years prior to TKA, the mean difference for KOOS
Pain change scores was 11.2 points (95% CI ¼ 4.8e17.7) P < 0.001
and for WOMAC Function, 12.9 points (95% CI ¼ 8.5e17.2) P < 0.001
as compared to persons with no radiographic worsening. For both
measures, the radiographic worsening group had greater function
and pain worsening. Statistical comparisons among those with and
without KL worsening among persons in the non-surgical control
group indicated no signiﬁcant differences (P > 0.9) for KOOS or
WOMAC change scores. See Table II for a summary of WOMAC
Function and KOOS Pain change scores in the 2 years prior to TKA.
Yearly rate of radiographic progression in TKA and non-surgical
samples
Risk of radiographic progression was substantially greater over
the 2-year pre-operative period for the TKA sample [Odds
ratio ¼ 5.0 (95% CI ¼ 2.6e9.8)] relative to the non-TKA sample after
adjustment for potential confounders. Table III summarizes theTable III
Multivariable logistic regression model of association between group and progres-
sive knee OA
Variable* Odds ratio 95% CI for OR
Lower Upper
Sex (female) 1.3 0.8 2.1
Race (white) 2.7 1.3 5.6
Age 1.0 0.98 1.03
BMI 1.0 0.93 1.04
KOOS Pain 1.01 0.99 1.03
WOMAC Function 1.0 0.97 1.03
OA worsening (yes) 5.0 2.6 9.8
Constant
* For dichotomous variables, the group of interest is in parentheses. For sex, male
is the reference group, for race, non-white persons is the reference group, and for OA
worsening, unchanged radiographic OA is the reference group.multivariable logistic regression model. The Hosmer and Leme-
show goodness of ﬁt test was P ¼ 0.11 indicating the model-based
probabilities were a reasonable estimation of the actual data-based
probabilities14.
Discussion
We examined associations between radiographic worsening
and corresponding worsening in pain and function in the 2 years
prior to TKA. We also determined whether the rate of radiographic
worsening prior to TKA was signiﬁcantly higher as compared to
persons with similar radiographic severity but who did not un-
dergo TKA over the 5-year study period. These issues have not been
explored to our knowledge and they are important given that pre-
operative worsening in pain and functioning is substantial in the 2
years prior to TKA1.
Several novel ﬁndings emerged from our study. We found that
persons whose pre-surgical knee radiographic status worsened
also had substantial co-occurring worsening pain and function
compared to persons with stable KL scores in the 2 years prior to
surgery. The greater worsening in both KOOS Pain and WOMAC
Function scores for the groupwith progressive radiographic OAwas
substantial and clinically important16e18. These data suggest that in
the 2 years prior to surgery, a substantial subgroup of patients
experience concomitant knee OA and symptomatic worsening. This
high rate of radiographic worsening and associated pain and
functional status worsening, in our view, likely contributes to sur-
geons' recommendations and patients' decisions to opt for TKA. The
extent of symptomatic worsening in our non-surgical sample for
persons with and without KL worsening was essentially no
different and in fact, both those with and without KL worsening in
the non-surgical group showed very slight improvement in their
KOOS and WOMAC scores.
Prior work has shown that KL scores predict TKR19e21 but we
found no prior evidence that examined correlates of yearly knee
radiographic worsening in persons prior to undergoing TKA. Roos
and colleagues reported greater pain and functional worsening
over a 7-year period in persons with prior history of meniscectomy
and who had KL grades of 2 or greater at baseline as compared to
meniscectomized persons who had no knee OA at baseline22.
However, these patients did not undergo TKA. White and col-
leagues3 and Wesseling et al.4 both examined functional and pain
correlates of radiographic worsening over a multiyear period but
they did not examine persons who underwent TKA. Our data
strongly suggest the rate of radiographic worsening is substantially
higher for persons who eventually undergo TKA as compared to
persons with similar levels of symptomatic knee OA who do not
undergo TKA5.
The point estimates for rates of pre-operative KL worsening in
TKA patients were substantially higher than systematic review-
based estimates5 and much higher than matched OAI patients in
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approximately 46% of our TKA sample worsened by at least 1 KL
grade during the 2-year pre-operative period compared to
approximately 12% over a 2-year period in the non-surgical sample.
In post-hoc analyses, we used independent sample t-tests to
compare WOMAC and KOOS scores for the surgical and non-
surgical KL worsening and non-worsening subgroups for knees
with KL scores of 3 or less at baseline. For example, WOMAC
Function scores for the surgical sample KL worsening subgroup
(n¼ 25) increased (becameworse) by 18.5 (SD¼ 10.6) points while
the KL non-worsening subgroup worsened by 2.3 (SD ¼ 9.2) points
(P < 0.001). Comparisons for the non-surgical samples were similar
to that reported in Table II as were comparisons of KOOS Pain scores
(data not shown). Our post-hoc ﬁndings conﬁrmed estimates from
the complete samples.
Patients who undergo TKA within the next few years demon-
strate a substantially higher rate of KL worsening as compared to
non-TKA patients and this elevated rate of radiographic progression
was, in our opinion, a likely key contributor to the surgical decision.
For example, 81% (30 of 37 persons) with KL worsening for the TKA
sample resulted in a KL score of 3 or 4 indicating deﬁnite or severe
tibiofemoral joint space narrowing, a recommended indication for
TKA23.
Substantial symptomatic worsening coupled with KL progres-
sion to grade 3 or 4 would likely trigger the need for surgery.
Approximately 25% of the sample of persons who underwent TKA
in OAI demonstrated this coupled worsening in the 2 years prior to
surgery. This subgroup runs counter to the traditional suggestion
that knee OA is a slowly progressive disorder24. Our data suggest
that additional research should more aggressively study the trig-
gers for both symptomatic and KL based progression in persons
with mild tomoderate symptomatic knee OA. Given that persons in
our non-surgical sample who had KL worsening had no symp-
tomatic worsening, these two clinical events were not coupled and
there are apparently factors which trigger both KL and symptom-
atic worsening in a subset of patients. Interventions designed to
slow OA progression and symptomatic worsening have potential to
reduce TKA related burden. Of currently available approaches,
weight loss interventions would appear to have the greatest po-
tential for these combined effects25.
We found that patients who eventually undergo TKA in the
subsequent 2 years had an adjusted odds of radiographic OA
worsening that is on average, 5.0 times higher than amatched non-
surgical sample. The only other predictor of surgical status was
race. We found that Caucasians were, on average, 2.7 times more
likely to undergo TKR than other races. The evidence linking the
role of race and knee TKA utilization is substantial and strongly
supports the concept that, for example, African Americans under-
utilize TKA26,27. Our ﬁndings echo this evidence.
Our study was not designed to make causative inferences
regarding the triggers for symptomatic and radiographic worsening
but in our view, this area should be studied further. Symptomatic
worsening coupled with radiographic worsening in persons who
eventually undergo TKA is likely triggered by a combination of
physical, psychological or disease-related factors that, to our
knowledge, have not been identiﬁed. If causes of more rapid pro-
gression could be identiﬁed, interventions directed toward these
mechanisms may have strong potential for preventing this down-
ward spiral of radiographic and symptomatic worsening for these
patients.
Our study has some important limitations. The sample of per-
sons who underwent TKA in OAI is relatively small. The low rate of
radiographic worsening in the non-surgical sample, while consis-
tent with published evidence5 also limited our analyses becausewe
don't know if the non-surgical sample may have had KL worseningin future years at a similar rate to that of the TKA group. The study
also had an inadequate sample size to examine yearly changesmore
than 2 years prior to TKA. In addition, we only used the progression
cohort when randomly selecting persons for the matched non-TKA
cohort. This approach likely led to a group that had slightly worse
pain and function as compared to the TKA group during session 1.
While this approach was conservative (i.e., we elected not to recruit
persons from the incidence cohort because many were asymp-
tomatic and had no knee OA) we still found substantial differences
in KL progression and co-occurring pain and functional worsening
among the two groups. Because the OAI was designed primarily for
study of the tibiofemoral joint, we had no radiographic data for the
patellofemoral joint. While TKA surgery for isolated patellofemoral
disease is rare28, the lack of data describing the extent of patello-
femoral disease potentially affects the interpretability of our ﬁnd-
ings. In addition, the OAI had fairly restrictive inclusion criteria
particularly related to BMI and this further reduced the generaliz-
ability of the study.
The KL scale demonstrated an important ﬂoor effect with 45% of
patients in both groups unable to demonstrate worsening during
session 1. This ﬂoor effect restricted our ability to assess worsening
for a substantial number of patients. An alternative measure of OA
worsening that does not exhibit substantial ﬂoor effects may have
allowed for a more comprehensive assessment of OA worsening.
Finally, patients who underwent TKA during year 1 (n ¼ 19) or year
2 (n ¼ 30) had missing data for either or both sessions 1 and 2.
Given that our interest was in radiographic worsening over this
period, we may have underestimated the proportion of persons
who actually have radiographic worsening in the 2 years prior to
TKA.
In conclusion, symptomatic and functional worsening is
strongly associated with radiographic knee OA worsening in the 2
years prior to TKA. These data provide preliminary evidence to
suggest a substantial proportion of persons experience progressive
radiographic knee OA worsening coupled with overall symptom
worsening during the 2 years prior to surgery. Yearly radiographs in
those persons with validated patient reported outcome based
symptomatic worsening may be helpful to counsel patients on
aggressive knee OA treatment. Additional research needs to
examine causative factors for this clinically important symptomatic
and radiographic worsening to reduce the rapid downward spiral in
knee OA severity, pain and function in these patients.
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